ABSTRACT Theoretical expression of radar detection probability is the foundation of radar detection performance analysis. In this paper, we derive the mathematical expression of the noncoherent radar detection probability for correlated gamma fluctuating targets in K-distributed clutter. We demonstrate the correctness of the derivation by Monte Carlo simulations.
I. INTRODUCTION
Analysis of the radar detection performance relies on the theoretical expression of radar detection probability. Radar detection probability depends not only on the signal processing method used, but also on the statistical characteristics of the clutter and the target echo [1] , [2] . Thus, the three influence factors should be fixed before deriving the theoretical expression of the radar detection probability. For the radar detection, non-coherent square law detector is widely used due to its simplicity and local optimum [3] , [4] . And the K distribution [5] and gamma distribution [6] , [7] are widely used to model the statistical characteristics of the clutter and the target echo respectively. Therefore, derivation of the mathematical expression of non-coherent radar detection probability for gamma fluctuating targets in K distributed clutter is an issue worth investigation.
The mathematical expressions of radar detection probability and false alarm probability of non-coherent detectors for gamma fluctuating targets in K distributed clutter were obtained in [6] , where target echoes are assumed to be independent of each other. However, the target echoes are probably partially correlated in reality. Considering the correlation between the target echoes, [7] derived the mathematical expression of radar detection probability for nonidentically gamma fluctuating targets in Rayleigh distributed disturbance rather than K distributed disturbance. Recently, non-coherent radar detection probability for gamma fluctuating targets in correlated K distributed clutter was calculated in [8] . Nevertheless, the target echoes are also independent of each other in [8] and the correlation between the target echoes is not considered. Therefore, taking the correlation between the target echoes into account and deriving the mathematical expression of non-coherent radar detection probability for correlated gamma fluctuating targets in K distributed clutter is worth investigating.
In this letter, we derive the theoretical expression of noncoherent radar detection probability for correlated gamma fluctuating targets in K distributed clutter. We verify the validity of the theoretical derivation by Monte Carlo simulations.
II. DETECTION PROBABILITY
We denote the radar received signal by
where H 0 and H 1 denote the target is absent and present respectively, s (t) and w (t) represent the target signal and the thermal noise respectively, c (t) = g (t) v (t) is the K distributed clutter, g (t) and v (t) are the texture and speckle components of the clutter respectively [5] . When the clutterto-noise ratio is high enough, the thermal noise can be omitted, and the test statistic for the non-coherent integration detector can be written by
where N is the pulse number, c i and s i are the ith observed clutter and target signal respectively. The false alarm probability of the non-coherent radar in K distributed clutter has been given in [6] . Next we mainly derive the radar detection probability for correlated gamma fluctuating targets in K distributed clutter. To calculate the radar detection probability, we should get the probability density function (pdf) of T under H 1 at first.
The g (t) can be considered as a random constant during the non-coherent processing interval [5] . We denote the random constant as g, and normalize T by g 2 σ 2 , where σ 2 is half of the clutter mean power . Then it is straightforward to derive that 
where I χ (·) is the modified first kind Bessel function of order χ. Then the radar detection probability can be expressed by
where η is the detection threshold,
is the clutter shape parameter, f (q) is the pdf of q. In [9] , it has been shown that
where
i=0 are the eigenvalues of the matrix B = , is a N × N diagonal matrix with the entry β = p m α , p m is the mean power of the target signal, α is the target fluctuating parameter, and is the correlation matrix which is
where ρ il denote the correlation coefficient between |s i | 2 and |s l | 2 . The coefficient δ j can be acquired recursively by the formula
Substituting (5) into (4) and integrating T at first, we get the radar detection probability as
δ j , and
We remark that P j actually equals to the detection probability for the gamma fluctuating targets (with shape parameter N α + j and scale parameter λ 0 ) in K distributed clutter. So 0 ≤ P j ≤ 1. In order to simplify the expression for P j , we express the Marcum Q-function in its integral form and integrate q at first. Then, we obtain
denotes the incomplete gamma function. When N α + j ≥ N , the infinite summation in (10) can be simplified to a finite summation [10] , that is (11) where M = N α + j − N , C n M denotes the combination of choosing n elements from M elements.
Under extreme case, the any two observed target signal powers are independent of or fully correlated with each other. When the target signal powers are independent of each other,
And the radar detection probability is
When the target signal powers are fully correlated during the non-coherent processing interval,
Then the radar detection probability changes to
2 , the (15) can be simplified to
III. SIMULATION RESULTS
In this section, we test the correctness of the above derived mathematical expression of radar detection probability by Monte Carlo simulations. From (10) we can see that the detection probability is the sum of infinite numbers. However, only the sum of a finite number is implemental in practice. Therefore, we must choose a finite value for the maximum j to approximate the detection probability. In this instance, there is truncation error for the approximated detection probability. Hence, it is necessary to analyze the truncation error of the detection probability for finite j at first. The calculated radar detection probability is reliable only if the truncation error of the detection probability is small enough. We denote the maximum j as j max . Then the truncation error is given by
Since 0 ≤ P j ≤ 1 and
The (18) indicates that d j is the upper bound of P d . Thereby, we will analyze the truncation error of the detection probability through d j instead of P d in the following. According to (8) and (18), it can be concluded that d j is unrelated to the clutter shape parameter as well as the signalto-noise ratio, and it is related to the target shape parameter, the correlation coefficient and the pulse integration number. Due to this reason, Fig. 1 presents d j versus j max under various target shape parameters, correlation coefficients and pulse integration numbers, where the correlation coefficient is modeled by ρ il = ρ |i−l| , i, l = 0, 1, · · · , N − 1 [11] . Fig. 1 shows that d j decreases as j max increases. When d j is fixed, j max increases as α, ρ and N increases respectively. Specially, j max is very sensitive to the correlation coefficient ρ. For example, j max is about 110, 360 and 2420 for ρ = 0.3, 0.6 and 0.9 respectively when d j = 10 −3 , α = 2 and N = 8. According to Fig. 1 , the required j max to keep d j at a fixed level can be obtained by interpolation. In simulations, we set the false alarm probability P f = 10 −3 , clutter mean power 2σ 2 = 1, = 1, N = 8, ρ = 0.6. According to Fig. 1 , we set j max = 600, which ensures the truncation error of the approximated detection probability is less than 10 −3 . The correlated gamma distributed target data is generated by summing up the squared correlated Gaussian random variables, and the K distributed clutter is generated by using the method in [12] . By 10000 Monte Carlo simulations, Fig. 2 shows the theoretical and simulated probability density functions of q, where SCR = 10dB. Besides, with various target fluctuating parameters, Fig. 3 presents the corresponding predicted and simulated radar detection probabilities versus SCR.
It can be seen from Fig. 2 that the distribution of the simulated target data agrees well with the corresponding theoretical distribution. Fig. 3 shows that the theoretical radar detection probabilities are consistent with the Monte Carlo simulation results, which verifies the correctness of the theoretical derivation of radar detection probability in Section II.
IV. CONCLUSIONS
In this paper, we have obtained the mathematical expression of radar detection probability for correlated gamma fluctuating targets in K distributed clutter. We demonstrated the correctness of the theoretical derivation by Monte Carlo simulations. The derived mathematical expression of radar detection probability can provide reference for radar design and detection performance analysis. 
